Background. -Management of increased referrals for transthoracic echocardiography (TTE) examinations is a challenge. Patients with normal TTE examinations take less time to explore than those with heart abnormalities. A reliable method for assessing pretest probability of a normal TTE may optimize management of requests. Aim. -To establish and validate, based on requests for examinations, a simple algorithm for defining pretest probability of a normal TTE.
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Summary
Background. -Management of increased referrals for transthoracic echocardiography (TTE) examinations is a challenge. Patients with normal TTE examinations take less time to explore than those with heart abnormalities. A reliable method for assessing pretest probability of a normal TTE may optimize management of requests. Aim. -To establish and validate, based on requests for examinations, a simple algorithm for defining pretest probability of a normal TTE.
Methods. -In a retrospective phase, factors associated with normality were investigated and an algorithm was designed. In a prospective phase, patients were classified in accordance with the algorithm as being at high or low probability of having a normal TTE.
Introduction
The clinical value of transthoracic echocardiography (TTE) has been widely proven and there are currently a high number of indications for this technique [1, 2] . Over the past two decades, there has been a sustained increase in the diagnostic use of TTE [3, 4] . Good management of the large number of TTE requests daily is an important issue for echocardiography laboratories. The echocardiography laboratories are often overloaded, with negative consequences for the patients and their caregivers: lengthening of the period of appointment, long waiting time on the day of the examination, stress and risk of delaying an urgent review. Given this workload, and in order to optimize laboratory workflow, some teams have reported changes in their practice [5] .
To the best of our knowledge, no specific work has been done to rationalize and pre-sort the examination requests. Discriminating between a long and complex examination requiring an expert operator (e.g. for the evaluation of valvular disease) and a routine, relatively more simple and potentially faster examination feasible by a less experienced operator (e.g. evaluation of left ventricular ejection fraction [LVEF]) before a cardiotoxic chemotherapeutic agent) may help to improve the efficiency of the laboratory.
The objective of this work was to develop and validate a simple and reproducible algorithm to assess the pretest probability of a normal TTE by analyzing the request data.
Methods
The study was conducted at the echocardiography laboratory of the ''Groupe Hospitalier Pitié-Salpêtrière'', which is a tertiary centre of expertise. Approximately 11,000 tests/year are performed by expert physicians. All examinations are stored on a dedicated server (Image Arena TM Version 4.6, TomTec Imaging Systems, Munich, Germany).
The study only involved TTE and was divided in two periods: a retrospective period for the design of the algorithm and a prospective period for algorithm validation. The study was approved by the institutional committee on human research. or > 115 g/m 2 for women or men, respectively) [6] , the presence of regional wall motion abnormalities (at least two segments of the same territory), mitral or tricuspid regurgitation > 2/4, aortic regurgitation > 1/4, the presence of an aortic stenosis (maximal velocity > 2.5 m/s and/or valve area ≤ 1.5 cm 2 ) [7] , right ventricular dilatation defined as recommended by ASE [8] , the presence of pulmonary hypertension (defined as a systolic pulmonary pressure > 40 mmHg) [8] , the presence of more than a minimal pericardial effusion and an aortic dilatation (> 40 mm).
Prospective period: validation of the algorithm
Between 2nd and 30th April 2012, we asked all the physicians working in the laboratory to collect the requests of TTE examinations. These requests were reviewed through a blinded method according to the results of the exploration. Depending on the algorithm, they were classified into two categories: high or low pretest probability of normal TTE. In a second step, the results of this screening were compared with the results of TTE using the same criteria of abnormality as in the retrospective period. During this period, the duration of the examinations was also collected.
Statistical analysis
Quantitative data are expressed as mean ± standard deviation (SD); qualitative data are expressed as number and percentage. Univariate analysis of continuous variables was performed using the parametric t test. The chi-squared test was used to compare categorical data. The evaluation of determinants of normal TTE was carried out by performing a multivariable analysis. The variables included in the analysis were those associated with normality of the TTE in univariate analysis with P ≤ 0.20.
The population of the retrospective period was divided into tertiles according to age. The tertile with the lowest prevalence of normal TTE helped to establish the threshold for the algorithm.
The intra-and inter-observer concordance of the algorithm was tested on 50 randomly selected requests by calculating the correlation coefficient, Kappa. Statview software version 5.0 (SAS institute, Inc) was used for statistical analysis. A value of P < 0.05 was considered significant.
Results

Retrospective analysis
Among 762 TTEs performed during the study period, 144 were excluded due to non-exhaustive reporting. Thus, 618 examinations (81%) were included. The rate of normal examinations was 42% (n = 259). The number of TTEs requested by the cardiology department was 458 (74%). The mean patient age was 59 ± 18 years and there were 359 men (58%). Table 2 describes the univariate analysis. Patients with normal TTE were significantly younger, less likely to have had a request from the cardiology department, and less likely to have a cardiology pattern of request. In multivariable analysis, age and cardiology pattern were both independently associated with a normal TTE (Table 3) .
By dividing the population into tertiles, there was an inverse relationship between age and the rate of normal TTE. The prevalences of normal TTE were 55%, 41% and 29% in the first (age ≤ 52 years, n = 205), second (age > 52 and ≤ 69 years, n = 227) and third (age > 70 years, n = 186) tertiles.
Designed algorithm
The algorithm shown in Fig. 1 was designed. Low pretest probability of normal TTE was defined by the existence of a known heart disease (cardiology pattern; see Table 1 ) or, in case of doubt about a pre-existing heart disease, by age > 70 years. All other requests were classified as having a high probability of normality.
Prospective period
During the prospective period, 774 TTE examinations were performed in the laboratory by 23 physicians. Twelve (52%) physicians kept the requests of all their examinations, thus the algorithm could be applied to these 408 collected requests. The mean age of this population and the overall rate of normal TTE were similar to those during the retrospective period (60 ± 19 vs 59 ± 18 years, P = 0.43 and 44% vs 42%, P = 0.44, respectively). The time needed to read and analyze the request and classify it in accordance with algorithm was approximately 15 seconds. Table 4 presents the results of the comparison between the prediction algorithm and actual TTE results. Among the group of requests classified by the algorithm as having a high probability of normality, the prevalence of normal TTE was 72%. Among the group of requests classified by the algorithm as having a low probability of normality, the prevalence of normal TTE was 25%. This group included 241 examinations, i.e. 59% of the sample population. The difference in the prevalence of normality between the categories was statistically significant (P < 0.0001). Among the examinations that were improperly predicted by the algorithm as having high probability of normality, the main abnormality was an isolated LV hypertrophy (Table 5) .
Normal TTEs lasted a mean of 13.8 ± 9.2 minutes (n = 177), while abnormal TTEs (n = 214) lasted longer (17.6 ± 11.1 minutes, P = 0.0003).
For the algorithm, the intra-observer and inter-observer rate of concordance was 94% (kappa = 0.88).
Discussion
In this work, we designed and validated a simple algorithm, which is easy to use on a routine basis, and is able to discriminate two TTE categories depending on the request: a low and a high pretest probability of normality. This algorithm was based on the factors that appeared in almost all of the applications for review and which were independently associated with abnormal TTE: known cardiac history and age > 70 years. In addition, we confirmed that, compared with abnormal tests, the exploration of a normal heart is quicker. In our laboratory, the rate of normal examinations was around 43%. A study in another tertiary centre [9] has reported a normal scan rate of 36-49% depending on the reason for the exploration and qualification of the prescriber. In another work [10] , the rate of normal TTEs was estimated at 26%. Although both of these studies used normality criteria that were not exactly the same as ours, the rate of normal explorations is relatively high, which is consistent with our results.
Mainly based on expert opinion, there are recommendations on the appropriate use criteria for TTE [2] . However, in real life, many physicians do not know these criteria and those who are not thoroughly familiar with the appropriate use criteria may have to review the entire list of indications before settling on the most adequate, which is time consuming and cumbersome. In addition, some physicians, considering the non-invasive character of TTE, do not hesitate to prescribe it, resulting in a high number of referrals.
A recent retrospective trial has studied the clinical impact of appropriate use criteria of TTE in clinical practice [11] . Interestingly, although almost all TTEs (91%) were appropriate according to the guidelines, only one third resulted in an active change in care. Despite some limitations in the methodology used to evaluate the clinical impact of TTE [12] this work underscores the need for further studies examining how TTE affects physician decision-making. In order to decrease the number of unjustified TTEs, we should aim to better define which patients receive a real benefit from this examination [13] .
The classification of a TTE as appropriate or not is different from the classification of TTE as normal and abnormal. For example, a normal TTE might be useful to the patient's caregiver, depending on the clinical circumstances.
We think that decreasing the rate of unjustified TTEs and the pretest evaluation of normality are two different components of the challenging problem of the management of TTE requests.
Considering that 28% of TTEs in the group classified as having a high probability of normality were abnormal, an examination should not be denied on the sole basis of the algorithm. However, the algorithm could help to rationalize the sorting of requests to optimally distribute the examinations on the laboratory schedule.
The recording of ultrasound examinations by sonographers is still debated in France [14] . In most of the ultrasound laboratories in our country (including ours), the explorations are performed by physicians. This practice is also common in many other countries [15] . In this context, and in order to optimize physician time, the rationalization of sorting the requests is even more crucial. In the same way that transoesophageal echocardiography is more sensitive than TTE for the diagnosis of endocarditis [16] , an expert operator is necessarily more qualified to analyze abnormal TTEs than a less experienced operator. Thus, to preferentially assign TTEs with a high predicted probability of normalcy to more junior operators appears an interesting pathway for improving the efficiency of echocardiography laboratory.
Not surprisingly, we found that the examination time for a normal TTE was significantly shorter (about 20%) than that for an abnormal TTE, excluding the time to write the report (it takes longer to describe an abnormality). For example, the evaluation of aortic stenosis requires repeated measurements of trans-aortic gradient, with an optimal alignment and the need to use the Pedoff probe in the right parasternal view [17] , whereas this would not be required for a normal ultrasound.
The mean number of TTEs performed during a half-day session in our laboratory is five. Without pretest analysis, schedules are inhomogeneous and lack efficiency. For example, a session may include five abnormal tests and given the longer time of completion of review, this would increase patients' waiting time and result in delay. In contrast, the schedule could also include only normal tests, which are relatively quick to perform. If this situation is not anticipated, and no more than five tests are planned, this leads to a loss of laboratory efficiency. Thus, associating low and high pretest probability of normal TTE in the same session would allow a better and more efficient time management.
Several limitations of our study need to be acknowledged. The retrospective period consisted of an analysis of examination reports, without reviewing requests. In addition, a number of examinations were excluded during this phase. Furthermore, in the prospective period, the collection of the requests was not exhaustive. However, despite these limitations, the developed algorithm could be validated prospectively from requests, and data from examinations during both periods were comparable.
During both periods of the study, data analysis was performed using the reports of the examinations; i.e. ultrasound images were not validated. Nevertheless, all of the examinations were performed by highly qualified physicians.
A TTE with isolated diastolic dysfunction was not considered abnormal. However, the definition of abnormal TTE included LV hypertrophy and elevated pulmonary arterial systolic pressure. These two parameters are related to diastolic function [18] .
Conclusion
A simple, reliable and reproducible algorithm is able to classify applications for TTE into two categories: low and high pretest probability of normality. Considering that, compared with abnormal tests, the exploration of a normal heart is shorter, this tool might help to optimize management of requests in routine practice. Further studies are required to assess whether this method of sorting requests for TTEs could improve the efficiency of the echocardiography laboratories.
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